A cream-white-pigmented, oxidase-negative bacterium (strain 2015-2462-01 T ), isolated from a drinking water system, was investigated in detail to determine its taxonomic position. Cells of the isolate were rod-shaped and stained Gram 
The genus Serratia comprises, at the time of writing, 17 recognized species, which have been isolated from various sources, such as water, soil, plants and animals (Grimont & Grimont, 2006) . In some mammals, Serratia strains have been found to be associated with infections, such as mastitis in cows (Barnum et al., 1958; Wilson, 1963) , conjunctivitis in horses (Carter, 1973) and septicaemia in foals (Deom & Mortelmans, 1953) and goats (Wijewanta & Fernando, 1970) . But, they have also been isolated from clinically healthy individuals (Grimont & Grimont, 2006) . In addition, they have been found as common intestinal bacterial flora in bats (Klite, 1965) and they seem to be opportunistic pathogens of chiropteran species (Mühldorfer et al., 2011) . In connection with water systems, Serratia fonticola was described by Gavini et al. (1979) . This species and S. fonticola-like isolates, which were difficult to identify with classical methods, have also been reported to occur in drinking water systems (Kämpfer et al., 2008) .
Seven beige-pigmented bacteria (2015-2462-01 T , and 2015-2462-03 to 2015-2462-08) were isolated on nutrient agar (NA; Oxoid) from different sampling sites of a drinking water distribution system in the Rhine-Ruhr area, Germany. All displayed the typical colony morphological properties of Serratia. The isolates were initially characterized by 16S rRNA gene sequence analysis and genomic fingerprinting using three different rep-PCRs [BOX-PCR, ERIC-PCR and (GTG) 5 -PCR; Versalovic et al., 1994] and a RAPD-PCR (performed with primer B; Ziemke et al., 1997) as described by Glaeser et al. (2013) . The isolates were found to share identical 16S rRNA gene sequences (GenBank accession numbers KT387999-KT388005) and identical genomic fingerprint patterns (Fig. S1 , available in the online Supplementary material). This indicated that the isolates were probably of clonal origin and represent the same strain. For this reason only one strain, 2015-2462-01 T , was studied in more detail. Strain 2015 Strain -2462 T was maintained and subcultivated on NA at 30 8C for 48 h and subsequently analysed phylogenetically based on the 16S rRNA gene and multilocus sequence analysis (MLSA) based on concatenated partial gyrB, rpoB, infB and atpD gene sequences, which has been successfully applied for the classification of Enterobacteriaceae including Serratia species (Brady et al., 2013; Kämpfer & Glaeser, 2015) . The fatty acid methyl ester composition of wholecell hydrolysates, further phenotypic features and DNA-DNA similarity were compared against S. fonticola ATCC Cultural and morphological characteristics were recorded from cultures grown on trypticase soy agar (TSA; Oxoid) at 28 8C for 24 h. The Gram staining reaction was tested on the basis of modified Hucker method described by Gerhardt et al. (1994) . Motility was tested under an Axiophot2 microscope (Zeiss) at 10006 magnification. Oxidase activity was tested using the Oxidase reagent (bioMérieux) according to the instructions of the manufacturer. Catalase activity was tested by gas formation after saturation with H 2 O 2 of fresh biomass grown for 24 h on TSA. Growth was investigated at different temperatures (4, 8, 10, 30, 37, 45 and 50 8C) . NaCl tolerance was evaluated in trypticase soy broth (TSB; Oxoid) supplemented with 0.5-10.0 % (w/v) NaCl. pH-dependent growth was also tested in TSB adjusted to pH 4.5-11.5 (increasing in 1.0 pH units) by the addition of HCl or NaOH.
Strain 2015-2462-01
T showed a Gram-negative staining behaviour and formed visible (diameter about 5 mm) cream-white colonies within 24 h at 28 8C. Strain 2015-2462-01
T was negative for oxidase and catalase activity. Cells were motile, non-spore-forming rods (approx. 1 mm wide and approx. 2 mm long). Strain 2015 Strain -2462 T grew well on NA, brain heart infusion agar, R2A agar, TSA and MacConkey agar (Oxoid). Growth was observed at 4 8C (but not below) and at 45 8C (but not above). Strain 2015 Strain -2462 T also grew with 0-6 % (w/v) NaCl, and it grew in TSB adjusted to pH 5.5-9.5.
Detailed physiological characterization and biochemical tests were performed to assess the carbon source utilization pattern and hydrolysis of chromogenic substrates as described by Kämpfer et al. (1991) . Additional biochemical tests were performed on the basis of the methods described by Kämpfer (1990) : production of hydrogen sulfide, indole reaction with Ehrlich's and Kovacs' reagents, and activity of arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, b-galactosidase (ONPG) and urease. Anaerobic growth was tested using the glucose fermentation test. The strain utilized many carbon sources, similar to all Serratia species, and was able to hydrolyse many chromogenic substrates. The strain was able to grow anaerobically with acid production from D-glucose. The biochemical/physiological data are given in Table 1 and in the species description and allowed the clear differentiation from the most closely related species of the genus Serratia.
The 16S rRNA gene of strain 2015-2462-01 T was PCRamplified with the universal 16S rRNA gene targeting primers 8F (59-AGAGTTTGATCCTGGCTCAG-39) and 1492R (59-ACGGCTACCTTGTTACGACTT-39) (Lane, 1991) and sequenced with primers 8F and E786F (59-GATTAGA-TACCCTGGTAG-39; Coloqhoun, 1997) using the Sanger sequencing method. Partial sequences were corrected manually in MEGA 5 (Tamura et al., 2011) based on respective electropherograms. Unclear 59 and 39 sequence ends were removed from the partial sequences which were added together based on an overlapping internal sequence fragment. A first phylogenetic identification based on sequence similarity analysis was performed in the EzTaxon type strain 16S rRNA gene sequence database (Kim et al., 2012) . Detailed phylogenetic analyses were performed in ARB release 5.2 (Ludwig et al., 2004) using the 'All-Species Living Tree' Project (LTP; Yarza et al., 2008) database release LTPs 121 (July 2015). Sequences not included in the database were aligned with the SILVA Incremental Aligner (SINA) v1.2.11 (Pruesse et al., 2012) and incorporated into the LTP database. The final alignment including all Serratia type strain 16S rRNA gene sequences was checked manually based on secondary structure information. The ARB neighbour-joining tool, without the application of an evolutionary model, was used to calculated pairwise sequence similarities. Phylogenetic trees were reconstructed with the maximum-likelihood method using RAxML v7.04 (Stamatakis, 2006) with GTR-GAMMA and rapid bootstrap analysis, the maximum-parsimony method using DNAPARS v3.6 (Felsenstein, 2005) and the neighbour-joining method using the ARB neighbour-joining tool and the Jukes-Cantor correction (Jukes & Cantor, 1969) as evolutionary model. All trees were based on 100 resamplings (bootstrap analysis; Felsenstein, 1985) and 16S rRNA gene sequences between gene termini 71 and 1417 (according to Escherichia coli numbering; Brosius et al., 1978) .
The sequenced 16S rRNA gene fragment of strain 2015-2462-01 T represented a continuous stretch of 1454 unambiguous nucleotides spanning gene sequence positions 46-1500 (E. coli numbering). Based on the EzTaxon analysis, strain 2015-2462-01 T showed highest 16S rRNA gene sequence similarity to S. fonticola DSM 4576
T and Serratia glossinae C1 T , the latter of which was recently reclassified as a later synonym of S. fonticola (Kämpfer & Glaeser, 2015) . Sequence similarities to all other species of the Enterobacteriaceae were below 98 %. Phylogenetic analysis based on 16S rRNA gene sequences including all Enterobacteriaceae species (analysis based on the LTPs database tree, data not shown) and including only Serratia species showed that the novel strain formed a distinct cluster with the type strain of S. fonticola (Fig. 1) .
For a more detailed phylogenetic analysis, MLSA based on concatenated sequences of partial gyrB, rpoB, infB and atpD nucleotide sequences (739, 635, 607 and 642 nt, respectively) and amino acid sequences (246, 211, 202 and 214 aa, respectively) was performed. PCR amplification and sequencing were performed as described by Brady et al. (2008) . Manual sequence correction and phylogenetic analysis were performed in MEGA5 (Tamura et al., 2011) using full-length gene sequences of genome sequenced reference strains from GenBank (http://www.ncbi.nlm. nih.gov/; Table S1) to determine the correct ORF and to perform an amino-acid-based sequence correction and subsequent sequence alignment. All sequences included in the phylogenetic analysis are listed in Table S1 . Maximumlikelihood trees were calculated using the general time resolved (GTR) model by using a discrete gammadistribution (+G) with five rate categories and by assuming that a certain fraction of sides are evolutionarily invariable (+I) for nucleotide sequences and the JonesThornton-Taylor model (JTT; Jones et al., 1992) +G+I for amino acid sequences. In parallel, phylogenetic trees were calculated with the maximum-parsimony and neighbour-joining method with the Kimura two-parameter model (Kimura, 1980) for nucleotide sequences and the JTT model for amino acid sequences. All trees were based on 100 replications (bootstrap analysis) and a total number of 2634 nt and 878 aa sequence positions. Nucleotide and amino acid sequence similarities were calculated based on the determination of pairwise sequence distances (p-distances).
In addition to strain 2015-2462-01 T , a second isolate, 2015-2462-07, was investigated in parallel. Both shared identical nucleotide and amino acid sequences, confirming the identity of the isolates. Both nucleotide-and amino-acid-based trees confirmed the distinct clustering with S. fonticola found with the 16S rRNA gene sequence analysis (Fig. 2) . Sequence similarities of concatenated sequences of strain 2015-2462-01 T and the type strains of S. fonticola and the reclassified S. glossinae also allowed the clear distinction of the new strain from these type strains. Nucleotide sequence similarities of 92.3-92.4 % and amino acid sequence similarities of 98.5-98.5 % were found to the type strains these two species, while values to all other Serratia species (except 'Serratia mycotis' and Serratia vespertilionis) were even lower, 85.8-90.0 % for nucleotide sequences and 95.7-97.6 % for amino acid sequences (Table S2) Analysis of the cellular fatty acid profile of whole-cell hydrolysates was performed as described by Kämpfer & Kroppenstedt (1996) and revealed a profile typical of the genus Serratia with the following most abundant fatty acids: C 16 : 1 v7c, C 16 : 0 ; C 14 : 0 and C 14 : 0 3-OH/ iso-C 16 : 1 I. The complete fatty acid profile of strain 2015-2462-01 T is shown in Table 2 in comparison with those of the type strains of the most closely related Serratia species. . Data for taxa 1, 2, 3 and 6 are from this study, and are in agreement with those reported by Geiger et al. (2010) . All other data are from Geiger et al. (2010) . All strains were positive for utilization of D-glucose, D-mannitol, D-fructose, D-mannose and trehalose and were b-galactosidase-positive. All strains were negative for utilization of L-arginine, sodium thiosulfate, L-tryptophan, erythritol, glycogen and L-sorbose and were oxidase-negative. +, Positive; W, weakly positive; 2, negative. On the basis of the results of these investigations, strain 2015-2462-01 T represents a novel species of the genus Serratia, for which the name Serratia aquatilis sp. nov. is proposed.
Description of Serratia aquatilis sp. nov.
Serratia aquatilis (a.qua9ti.lis. L. fem. adj. aquatilis living in water).
Cream-white colonies (diameter about 5 mm) are formed on NA at 30 uC. Cells are Gram-stain-negative, motile, non-spore-forming rods, approx. 1 mm in width and 2 mm in length. Facultatively anaerobic, and oxidase-and catalase-negative. Good growth occurs after 24 h on NA, brain heart infusion agar, TSA, R2A agar (all Oxoid) and MacConkey agar (Oxoid) at 28 uC. Growth occurs on TSA at 4-45 uC, but not below 4 or at 50 uC. Cells grow at 28 uC in the presence of 0-6 % (w/v) NaCl (not at 4 %) as an additional ingredient of TSB and at pH values from 5.5 to 9.5. Produces acid from D-glucose, sucrose, L-arabinose, cellobiose, D-mannitol, i-inositol, salicin, D-sorbitol, maltose, D-mannose, trehalose, D-xylose, methyl a-D-glucoside, adonitol, D-arabitol, erythritol, lactose, melibiose, raffinose and L-rhamnose, but not from dulcitol. Acid production from lactose is weak and occurs only after prolonged incubation. Indole production, activity of arginine dihydrolase, ornithine decarboxylase and lysine decarboxylase, production of brown diffusible pigments on tyrosine agar and hydrogen sulfide production are negative, while urease activity, alkalinization of malonate and citrate ( T among closely related species of the genus Serratia based on concatenated partial gyrB, rpoB, infB and atpD nucleotide (a) and amino acid (b) sequences (MLSA). Accession numbers for individual genes are given in Table S1 . Phylogenetic trees were calculated in MEGA5 using the maximum-likelihood method with the GTR+G + I model for nucleotide-based analysis and the JTT+G + I model for amino-acid-based analysis. Both phylogenetic trees were based on 100 replications (bootstraps). Geiger et al. (2010) . All other data are from Geiger et al. (2010) . Values are percentages of total fatty acids. 
